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(54) APPARATUS FOR DECOMPOSING WASTE PLASTICS

(57) There is provided a plastic waste decomposing
apparatus which is capable of quickly and efficiently
separating from a liquid phase polymer a vapor compo-
nent produced from the liquid phase polymer so as to
suppress generation of carbon following a decomposi-
tion reaction, and further capable of performing the
decomposition reaction in the state where the tempera-
ture of the whole liquid phase polymer is uniform, so as
to efficiently recover the vapor component of a desired
molecular weight, so that decomposition of plastic
waste can be carried out at a reasonable cost.

In the plastic waste decomposing apparatus, a

decomposing chamber for heating the liquid phase pol-
ymer is in the form of an upright cylinder including
therein a rotator having a shape substantially corre-
sponding to a shape of an inner periphery of the decom-
posing chamber and a helical screw provided on an
outer periphery of the rotator, so that the liquid phase
polymer flowing down is subjected to thermal decompo-
sition while being agitated to be forced upward by the
screw in a reaction space formed between the inner
periphery of the decomposing chamber and the outer
periphery of the rotator.
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Description

Technical Field

[0001] The present invention relates to an appara-
tus for decomposing plastic waste so as to recover it as
fuel oil, fuel gas or the like.

Background Art

[0002] In recent years, how to perform the waste
disposal has been a very important problem. In particu-
lar, plastic waste, when subjected to incineration, pro-
duces high temperatures to damage an incinerator so
that the plastic waste is considered as waste whose dis-
posal is difficult and a disposal method thereof has been
sought. Most of the plastic waste, such as polyethylene
or polystyrene, is formed into a liquid phase polymer
through a thermal decomposition treatment and, when
subjected to further thermal decomposition, it can be
recovered as fuel oil or fuel gas. Since it is the best for
the waste disposal to recover those useful things from
the waste, the development of apparatuses has been
expected which can recover fuel oil or fuel gas from the
plastic waste at a reasonable cost.
[0003] Various researches relating to plastic waste
decomposing apparatuses have been made from the
foregoing aspect, and techniques of, for example, Laid-
open Patent Publication No. 4-180878, Laid-open Pat-
ent Publication No. 5-237645, Laid-open Patent Publi-
cation No. 5-263079 and so on have been proposed.
[0004] However, the fact is that those techniques
have not yet reached the real stage of practical use.
This is because there have been the following problems
peculiar to those techniques. Specifically, decomposi-
tion of plastic waste is carried out by heating a liquid
phase polymer to destroy a high-order structure of the
polymer into a low-order structure, further heating it to
produce vapor components depending on decomposi-
tion temperatures, and cooling them to obtain fuel oil or
fuel gas of various kinds. At this time, since it is difficult
to quickly separate from the liquid phase polymer the
vapor components of low molecular weight produced
through decomposition of the liquid phase polymer,
there is a case wherein the vapor components are
excessively heated at contact portions with a heating
wall surface so as to produce much carbon. Since the
produced carbon covers the heating surface to function
as a heat insulating material, it makes difficult a control
upon carrying out decomposition of the liquid phase pol-
ymer, particularly a decomposition temperature control,
and increases the cost of running the decomposing
apparatus. Further, if the carbon is entrapped into the
recovered oil, the oil quality is lowered. There is a fur-
ther problem that due to difficulty in keeping uniform the
temperature of the whole liquid phase polymer upon
performing the decomposition reaction, it is difficult to
control the degree of the liquid phase polymer decom-

position so that difficulty is encountered in selectively
obtaining a recovery of a desired composition.

[0005] Therefore, an object of the present invention
is to provide a plastic waste decomposing apparatus
which is capable of quickly and efficiently separating
from a liquid phase polymer a vapor component pro-
duced from the liquid phase polymer so as to suppress
generation of carbon following a decomposition reac-
tion, and further capable of performing the decomposi-
tion reaction in the state where the temperature of the
whole liquid phase polymer is uniform, so as to effi-
ciently recover the vapor component of a desired molec-
ular weight.

Disclosure of the Invention

[0006] For solving the foregoing problems, a plastic
waste decomposing apparatus according to the present
invention is basically a plastic waste decomposing
apparatus comprising a decomposing chamber which is
supplied with a liquid phase polymer, obtained by heat-
ing plastic waste, from its upper side to its lower side,
and which is heatable from exterior thereof wherein the
liquid phase polymer is subjected to thermal decompo-
sition while being agitated in the decomposing chamber
to produce a vapor component which becomes fuel oil
or fuel gas. The decomposing chamber comprises an
upright cylinder including therein a rotator having a
shape substantially corresponding to a shape of an
inner periphery of the decomposing chamber and a hel-
ical screw provided on an outer periphery of the rotator,
so that the liquid phase polymer flowing down is sub-
jected to the thermal decomposition while being agi-
tated to be forced upward by the screw in a reaction
space formed between the inner periphery of the
decomposing chamber and the outer periphery of the
rotator.
[0007] In the plastic waste decomposing apparatus
of the present invention, the reaction space is formed
between the inner periphery of the decomposing cham-
ber and the outer periphery of the rotator by providing,
in the decomposing chamber in the form of the upright
cylinder, the rotator having the shape corresponding to
the shape of the inner periphery of the decomposing
chamber. Specifically, in the decomposing apparatus of
the present invention, by forming narrow the reaction
space where the decomposition reaction of the liquid
phase polymer is carried out, it is possible to allow the
whole of the liquid phase polymer to approach the inner
periphery of the decomposing chamber where the poly-
mer is heated, so that the heating thereof becomes uni-
form. Therefore, in the decomposing apparatus of the
present invention, since the liquid phase polymer can
be heated in the state where the temperature gradient
thereof is as small as possible, the selective vapor com-
ponent recovery and the carbon generation control are
made possible.
[0008] Further, the helical screw is provided on the
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outer periphery of the rotator in the plastic waste
decomposing apparatus so that the liquid phase poly-
mer flowing down in the reaction space is agitated to be
forced upward by the screw. By subjecting the liquid
phase polymer to such agitation, the vapor component
produced in the liquid phase polymer is forcibly raised to
the liquid level of the liquid phase polymer so that gas-
liquid separation is facilitated. Therefore, in the plastic
waste decomposing apparatus, it can be prevented that
the vapor component entrapped in the liquid phase pol-
ymer is overheated to produce carbon. Further, the fore-
going agitation of the liquid phase polymer provides a
sufficient tune for reaction of the liquid phase polymer
and allows the high-viscosity liquid phase polymer,
which has not yet produced the vapor component, to
stay in the reaction space preponderantly. Accordingly,
the rate of the liquid phase polymer just before produc-
ing the vapor component can be increased in the reac-
tion space so as to increase the decomposition reaction
rate while preventing the carbon generation.

[0009] It is preferable that the rotator in the plastic
waste decomposing apparatus of the present invention
is provided with a cavity which can be supplied with
high-temperature gas. With this arrangement, the liquid
phase polymer can be heated from two surfaces form-
ing the reaction space, i.e. from both the outer periphery
of the rotator and the inner periphery of the decompos-
ing chamber, so that the temperature gradient in the liq-
uid phase polymer can be further reduced and, by
supplying greater heat quantity, the plastic waste
decomposition amount per unit time can be increased.
[0010] Further, in the plastic waste decomposing
apparatus of the present invention, it is preferable that a
lower part of the decomposing chamber is formed into a
conical shape, and a circulation pipe is provided for cir-
culating the liquid phase polymer, discharged from a
lower end of the decomposing chamber, into the
decomposing chamber. It is possible that impurities
which can not be decomposed by heating are
entrapped into the plastic waste. In this case, it is nec-
essary to remove the residue produced in the process
of the decomposition. By tapering the lower part of the
decomposing chamber so as to form the inner periphery
thereof to have the conical shape, the residue is natu-
rally collected and accumulated at the lower end of the
conical inner periphery so that the removing operation
thereof can be easily carried out. The removal of the
residue can be performed by providing a means for dis-
charging the residue, for example, in the form of a screw
conveyor within the circulation pipe, or a means for dis-
charging the residue at the lower end of the conical
lower part of the decomposing chamber. In either case,
if the residue is once collected at the lower end of the
decomposing chamber, the removal process is facili-
tated. The means for discharging the residue may be
adequately provided depending on kinds of polymer,
residue and the like. When removing the residue as
described above, it is possible that the high-viscosity liq-

uid phase polymer, which has sunk to the lower end of
the decomposing chamber upon discharging the resi-
due, also flows out from the decomposing chamber. In
this case, by supplying again the high-viscosity liquid
phase polymer, having flowed out from the lower part of
the reaction chamber, to the decomposing chamber via
the circulation pipe, a loss of the liquid phase polymer is
prevented thereby to increase the vapor component
amount to be recovered. Further, by the circulation of
the liquid phase polymer, a staying time of the liquid
phase polymer in the reaction chamber can be ensured.

Brief Description of the Drawings

[0011]

Fig. 1 is a conceptual diagram showing a plastic
waste decomposing apparatus according to a first
carrying-out mode of the present invention.
Fig. 2 is a conceptual diagram showing a decom-
posing chamber of a plastic waste decomposing
apparatus according to a second carrying-out
mode of the present invention.
Fig. 3 is a conceptual diagram showing decompos-
ing chambers of a plastic waste decomposing
apparatus according to a third carrying-out mode of
the present invention.

Best Mode for Carrying Out the Invention

[0012] Hereinbelow, the first to third carrying-out
modes of the plastic waste decomposing apparatuses
according to the present invention will be described
using the accompanying drawings. In the following
description of the respective carrying-out modes, over-
lapping portions are assigned the same signs so as to
omit redundant description.

First Carrying-Out Mode

[0013] Fig. 1 shows the first carrying-out mode of
the plastic waste decomposing apparatus according to
the present invention.
[0014] The decomposing apparatus is provided
with a decomposing chamber 2 and a supply pipe 3
which are surrounded by a casing 1 made of a heat
insulating material and are connected to each other. In
the casing 1 is provided a burner 4 which can heat the
decomposing chamber 2 and the supply pipe 3.
[0015] The supply pipe 3 is connected at its one
end to the decomposing chamber 2 and at its other end
to a feed hopper 5. Further, the supply pipe 3 includes
therein a carrying means 7 in the form of a screw con-
veyor connected to a driving means 6.
[0016] The decomposing chamber 2 is formed into
the shape of a substantially upright cylinder and is
tapered to have a conical shape at its lower part. The
decomposing chamber 2 receives therein a rotator 10
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having an outer periphery 9 corresponding to the shape
of an inner periphery 8 of the decomposing chamber 2.
Between the inner periphery 8 of the decomposing
chamber 2 and the outer periphery 9 of the rotator 10, a
narrow reaction space 11 is formed. The rotator 10 has
a helical screw 12 on the outer periphery and is rotata-
ble with a rotation shaft 14 connected to a driving
means 13.

[0017] A vapor component outlet 15 is provided at
an upper part of the decomposing chamber 2, and an
outlet pipe 16 is connected to a lower end of the decom-
posing chamber 2. At a lower end of the outlet pipe 16
is provided a filter means 19 mounted on its upper sur-
face with a residue discharge pipe 18 including therein
a screw conveyor 17. And further below, a residue sump
22 is provided so as to be connected to the supply pipe
via a circulation pipe 21 including therein a screw con-
veyor 20.
[0018] Now, an operation of the plastic waste
decomposing apparatus will be described. Plastic waste
to be decomposed by the apparatus is once stored in
the feed hopper 5 and then introduced into the supply
pipe 3 at the desired timing. The plastic waste intro-
duced into the supply pipe 3 is transferred to the decom-
posing chamber 2 by the carrying means 7. Since the
supply pipe 3 is heated from the exterior by means of
the burner 4, the plastic waste is melted or partly
decomposed during conveyance in the supply pipe 3 so
as to become a liquid phase polymer.
[0019] The liquid phase polymer produced in the
supply pipe 3 is fed to the decomposing chamber 2 and
then flows down into the reaction space 11 therewithin.
Since the hot air supplied by the burner also heats an
outer wall of the decomposing chamber 2, the liquid
phase polymer flowing down into the narrow reaction
space 11 so as to be thin layers is decomposed into
vapor components while being heated uniformly. The
rotator 10 is rotated following the rotation of the rotation
shaft 14 connected to the driving means 13. Therefore,
the liquid phase polymer, while flowing downward, is
given a force by the rotating screw 12 so as to be forced
upward. As a result, the liquid phase polymer is decom-
posed into the vapor components while being agitated
to be forced upward. The vapor components forcibly
separated from the liquid phase polymer due to such
agitation are discharged to the exterior via the vapor
component outlet 15. The vapor components are cooled
by a non-shown cooling apparatus and recovered at a
room temperature as fuel oil or fuel gas. The molecular
weight of the plastic waste is approximately 50,000 to
100,000, the molecular weight of the liquid phase poly-
mer is approximately 10,000 to 30,000, and the molec-
ular weight of the vapor component is approximately
100 to 500. The temperature inside the supply pipe for
melting the plastic waste is 250 to 500°C, and the tem-
perature of the reaction space for decomposing the liq-
uid phase polymer is 350 to 600°C.
[0020] As the decomposition reaction of the liquid

phase polymer progresses, the residue is produced in
the reaction chamber 11. The residue is discharged
through the outlet pipe 16 together with the liquid phase
polymer whose viscosity is lowered due to reduction in
molecular weight. Of the residue and liquid phase poly-
mer discharged through the outlet pipe 16, the residue
filtered out by the filter means 19 is accumulated on the
surface of the filter means 19. On the other hand, the
liquid phase polymer passing through the filter means
19 flows down into the residue sump 22. By accumulat-
ing the residue on the surface of the filter means 19 pro-
vided upstream of the residue sump 22 as described
above, the accumulated residue can be used as filter
layers for the liquid phase polymer discharged subse-
quently. If, however, the amount of the accumulated res-
idue exceeds a given amount, the residue is removed to
the exterior via the residue discharge pipe 18. At this
time, the residue is compressed and solidified by the
screw conveyor 17 within the residue discharge pipe 18.
Since the solidified residue functions as a seal member
for the decomposing chamber 2, the liquid phase poly-
mer can be prevented from leaking via the residue dis-
charge pipe 18. It may be arranged that not all the
residue is removed via the residue discharge pipe 18,
but solid matter or the like which is not decomposed by
heat is separated utilizing a difference in specific gravity
or the like and circulated via the circulation pipe 21. This
is preferable because carbon and other adherends
adhering to the wall surfaces in the reaction space 11
can be removed by means of the foregoing solid matter
moving in the reaction space 11.

[0021] On the other hand, the liquid phase polymer
collected in the residue sump 22 is circulated to the sup-
ply pipe 3 via the circulation pipe 21. This liquid phase
polymer is fed to the decomposing chamber 2 again
while being adjusted relative to a supply of the plastic
waste, and decomposed into vapor components while
repeating the foregoing circulation.

Second Carrying-Out Mode

[0022] Fig. 2 shows the second carrying-out mode
of the plastic waste decomposing apparatus according
to the present invention.
[0023] The plastic waste decomposing apparatus in
this carrying-out mode basically has the same structure
as that of the first carrying-out mode. However, the plas-
tic waste decomposing apparatus in this carrying-out
mode differs from that of the first carrying-out mode in
structure of a decomposing chamber as follows. Specif-
ically, the structure of the decomposing chamber is as
shown in Fig. 2.
[0024] In the decomposing chamber 2 in this carry-
ing-out mode, a cavity 23 is provided inside a rotator 10
disposed at the center of the decomposing chamber 2,
and an auxiliary burner 24 which can heat the cavity 23
is provided over the rotator 10. Further, in this decom-
posing apparatus, an outer casing 25 is further provided
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outside the decomposing chamber 2 so as to form a
heat passage 26, communicating with the cavity 23
inside the rotator 10, between the decomposing cham-
ber 2 and the outer casing. An outlet 27 is provided
above a reaction space 11 which is connected to a cat-
alyst sump 30 via a catalyst feed pipe 29 including
therein a screw conveyor 28. A horizontal outlet pipe 16
is provided at a lower portion of the decomposing cham-
ber 2. The outlet pipe 16 connects between the reaction
space 11 and a residue sump 22 provided outside the
reaction space 11. A filter means 19 is provided at an
upper side of the residue sump 22 which is connected to
an upper portion of the decomposing chamber 2 via a
circulation pipe 21. Further, the decomposing chamber
2 is connected at the lower portion thereof to a residue
discharge means 18 including therein a screw conveyor
17.

[0025] Now, an operation of the apparatus will be
described. When decomposing plastic waste using this
apparatus, the plastic waste is first introduced into a
supply pipe 3 as in the apparatus of the first carrying-out
mode. The introduced plastic waste is heated by the
burner 4 while being transferred in the supply pipe 3 by
a carrying means 7, and melted to be a liquid phase pol-
ymer. The produced liquid phase polymer is fed to the
decomposing chamber 2 and flows down into the reac-
tion space 11.
[0026] The reaction space is heated from both inner
and outer sides. thereof by the auxiliary burner 24. Spe-
cifically, the high-temperature hot air produced by the
auxiliary burner 24 descends in the cavity 23 inside the
rotator 10 to reach a lower end thereof, and then
ascends In the heat passage 26 which is continuous
with the cavity 23. Thus, the reaction space 11 is heated
from both an outer periphery 9 of the rotator 10 and an
inner periphery 8 of the decomposing chamber 2. In the
reaction space 11 heated from both the inner and outer
sides thereof, the liquid phase polymer is uniformly
heated while being agitated to be forced upward by the
screw 12, and decomposed while producing vapor com-
ponents. Upon decomposing the liquid phase polymer,
catalyst is supplied from the catalyst sump 30 into the
reaction chamber via the catalyst feed pipe 29. By this
catalyst supply, the liquid phase polymer in the reaction
space is decomposed while contacting the catalyst. By
utilizing such catalytic decomposition, the liquid phase
polymer is decomposed more sufficiently. Then, the pro-
duced vapor components are discharged via a vapor
component outlet 15, while the high-temperature hot air
having reached an upper end of the heat passage 26 is
discharged to the exterior via the foregoing outlet 27.
[0027] On the other hand, if the amount of the liquid
phase polymer exceeds a given amount, an excess por-
tion of the liquid phase polymer flows out via the outlet
pipe 16 toward the residue sump 22. This flow-out liquid
phase polymer, after the residue is removed by the filter
means 19 provided at the upper side of the residue
sump 22, is returned to the reaction space via the circu-

lation pipe 21 at the given timing. In the foregoing man-
ner, while the supply of the plastic waste and the
circulation of the liquid phase polymer are carried out
adequately, the plastic waste is decomposed into the
vapor components. The residue is adequately dis-
charged by the residue discharge means 18.

Third Carrying-Out Mode

[0028] The plastic waste decomposing apparatus of
the third carrying-out mode is provided with decompos-
ing chambers 2 of the same kind as that of the second
carrying-out mode. Specifically, it is provided with the
decomposing chambers 2 wherein reaction spaces 11
can be heated from both outer peripheries 9 of rotators
10 and inner peripheries 8 of the decomposing cham-
bers 2. Fig. 3 shows the decomposing chambers of the
decomposing apparatus.
[0029] The decomposing chambers 2 of the plastic
waste decomposing apparatus are provided therein
with three rotators 10 each having a cavity 23 therein
and coupled vertically to each other. The cavities 23
formed in the respective rotators 10 communicate with
each other. The continuous cavities 23 communicate at
a lower end thereof with a heat passage 26 provided
outside the decomposing chambers 2. Between the
inner peripheries 8 of the decomposing chambers 2 and
the outer peripheries 9 of the rotators 10, the narrow
reaction spaces 11 are formed. Over the uppermost
rotator 10 is provided an auxiliary burner 24 which can
heat the cavities 23 inside the rotators 10. Further, a
second auxiliary burner 31 is provided outside the
decomposing chambers 2 for ensuring a supply of suffi-
cient heat quantity. A screw 12 is provided on the outer
periphery of each rotator 10, while adjust screws 32 are
provided at connecting portions between the adjacent
rotators 10.
[0030] The reaction space 11 formed between the
outer periphery 9 of the uppermost rotator 10 and the
inner periphery 8 of the decomposing chamber 2 is con-
nected to a supply pipe 3. A vapor component outlet 15
is provided for each of the reaction spaces 11. Further,
the lowermost decomposing chamber 2 is connected at
its lower end to a residue sump 22 via an outlet pipe 16.
The residue sump 22 is connected to the supply pipe 3
via a circulation pipe 21 as well as to a residue dis-
charge means 18.
[0031] Also in this apparatus, the reaction spaces
11 can be heated from both the outer peripheries 9 of
the rotators 10 and the inner peripheries of the decom-
posing chambers 2. Further, in this apparatus, by
adjusting the flow rate of the liquid phase polymer using
the adjust screws 27, a sufficient time for decomposing
the liquid phase polymer can be ensured. Even in an
apparatus wherein the shape of an inner periphery 8 of
a decomposing chamber 2 is formed cylindrical and a
plurality of rotators 10 are disposed inside the decom-
posing chamber 2, the same effects as those in the fore-
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going apparatus can be achieved.

Industrial Applicability

[0032] In a plastic waste decomposing apparatus
according to the present invention, a rotator is provided
in a decomposing chamber, and a layer-like reaction
space is formed between an inner periphery of the
decomposing chamber and an outer periphery of the
rotator. Thus, heat conduction in a polymer becomes
smooth so that a liquid phase polymer can be heated at
a uniform temperature over the whole of it. Accordingly,
a vapor component of a desired molecular weight can
be selectively recovered, and a problem of carbon gen-
eration due to overheating which is caused depending
on positions of the liquid phase polymer can be solved.
Particularly, in case of providing a cavity inside the rota-
tor and heating the reaction space from both the outer
periphery of the rotator and the inner periphery of the
decomposing chamber, the temperature gradient in the
liquid phase polymer can be further diminished. Further,
in the plastic waste decomposing apparatus according
to the present invention, the liquid phase polymer flow-
ing down is subjected to thermal decomposition while
being agitated to be forced upward by a screw, so as to
forcibly carry out gas-liquid separation. Thus, overheat-
ing of the vapor component in the liquid phase polymer
can be almost avoided so that the problem of the carbon
generation can be almost solved in cooperation with the
foregoing uniform heating of the liquid phase polymer.
Further, in case of forming a lower part of the decom-
posing chamber to have a conical shape and circulating
the liquid phase polymer by providing a circulation pipe
which circulates the liquid phase polymer, discharged
from a lower end of the decomposing chamber, into the
decomposing chamber, there can be obtained merits
that the produced residue can be easily disposed of and
that the decomposition efficiency can be improved.

Claims

1. A plastic waste decomposing apparatus comprising
a decomposing chamber which is supplied with a
liquid phase polymer from its upper side to its lower
side, said liquid phase polymer obtained by heating
plastic waste, said decomposing chamber being
heatable from exterior thereof, wherein the liquid
phase polymer is subjected to thermal decomposi-
tion while being agitated in the decomposing cham-
ber to produce a vapor component which becomes
fuel oil or fuel gas, and wherein the decomposing
chamber comprises an upright cylinder including
therein a rotator having a shape substantially corre-
sponding to a shape of an inner periphery of the
decomposing chamber and a helical screw pro-
vided on an outer periphery of the rotator, so that
the liquid phase polymer flowing down is subjected
to the thermal decomposition while being agitated

to be forced upward by the screw in a reaction
space formed between the inner periphery of the
decomposing chamber and the outer periphery of
the rotator.

2. A plastic waste decomposing apparatus as recited
in claim 1, wherein the rotator is provided with a
cavity which can be supplied with high-temperature
gas.

3. A plastic waste decomposing apparatus as recited
in claim 1 or 2, wherein a lower part of the decom-
posing chamber is formed into a conical shape, and
a circulation pipe is provided for circulating the liq-
uid phase polymer, discharged from a lower end of
the decomposing chamber, into the decomposing
chamber.
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